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Bose star formation
QCD axion (m ~ 107° eV)

Bose condensation by gravitational

interaction in miniclusters.
[D. Levkov et al, 2018]

Mys ~ 100" My : Ry, ~ 50 km
t =1.3-106

=N

Fuzzy dark matter (m ~ 10~2? e¢V)

Bose star appear during structure
formation in the center of each
galaxy. [H.-Y. Schive et al, 2014]

My ~ 10°My5:  Rps ~ 100 pe




Bose star properties

Nonrelativistic approximation:

a/fo= (Ve ™ +he)/2 O O, e <m; @, <1
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Gross-Pitaevskii-Puasson system

i0ph = — A/ 205+ (D — 2|02 /8)0

AP = AnGarmZf2 ||?
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Using coordinate and field
rescaling:

ft — mfugt; T = Mmuox

Y = gatp/vo; & = B/}

All physical parameters disappear!

Symmetry: w — em@b

U

The total mass conservation

vo = fo/gaMp




Axion-photon coupling

Axion field of Bose star oscillates coherently with time:

a/fo = (Ve "™ +h.c.)/2 |:> May cause

parametric resonarmnce

of photons!
. 1 Ja~y n . .
Lem = _ZF o Fu — TaF ., axion-photons coupling
0, Fp + gury 0,0k, = modified Maxwell’s equations
or

0,0, A4, — 0,0,A,, +2€,0xp Gury0,002 Ay, = 0




Resonance in homogeneous condensate

For homogeneous condensate, 1) = 1)y = const, we have

Ap + (k% + ﬁgavfamk . 4)gsin(mt)) A, = 0 — Mathieu equation!

!

A o cp e,utezl:i%(t:l:x) with

L gavfamwo
U =

2v/2

_ gcwfamw() ‘R

Amplification coefficient: |D=pu- R

D 2 1 —resonance!




General case

a/fo = (Ve "™ +h.c.)/2, Y(t, z) - weakly depends on t, x

Consider plane waves with frequency moving through a star:
Ag =0 - gauge
A =e"7% (¢ (tw)e >+ (tz)e™ ") + hee.

Weakly depends on space and time: eikonal-like approximation

!

- + . m
V = acw . acaz . Z-ga'ymfaw*c— — 0 (1) X€Z7t
ot 0z V2 Y
dc,,  Oc, Jamf, —i 2t
V= y y o e Ble, + 2 xe '
ot i 0z i V2 Ve (2)
C; =C,., Cp, = satisfy another pair of Egs.
Boundary conditions: :> C:—Jz_,y(z = +00) =0
no waves coming from infinity! ¢ (z=—00) =0
T, Y\=T -




Boundary value problem

Substituting c;t’y(t, z) = 6”tc;t’y(z)

we obtain the boundary value problem for Ciy(z).

- oct  gaymfa

,uc;f — 8:1: — 1 w*cy_ =0 For real LD and 1 =0
< ‘ \/E we have analytic solution:
. Ocy ggymf
\,ucy + —ag —+ 1 a”z/i awcjj_ — () C;_(Z) _ ACOS(S(Z))

: c, (z) = Asin(S5(z))
where S(z) = gaz/w%fa/_ Y(2')dz"  and

+o0 o
1 _ w | f
S( oo) _p= ga,fymf a " (Z,) g5 rom boundary condition
V2 oo 2 ¢, (z=400) =0

G Solutions with ¢ > 0

Resonance condition! exist if D > g :




Spherically symmetric case

1

. .= Any direction is in resonance.

One can expand A; in terms of vector spherical harmonics:
7O _ VY o
Im —
VI +1)
=(2) ﬁYlm X T > Eigenvectors of the total angular momentum j

"o VIE+1) )

At some distance from the center, Imr > 1:

m
15T

At z) = - (cjx'(t, ryetzt 4+ e (t, r)e_i%t)f'lgs) + h.c.
r

N

Weakly depends on space and time: eikonal-like approximation

Very similar equations for C, and the same resonance condition.

Y},,, — scalar spherical harmonics.




Bose stars

- g t =muit; T = muox
o 7 Ay = 1 -0\ - b= vo; O = P /3
10 = _7‘” + (<I>§w\2> 0 ¥ =919/ v /0%
. - 9 S vo = fa/gaMpy
AD = 47|y
v S
Attractive interaction!
litv criterion |dM /dw > 0| unstable! A
Stability criterion / W) = 1), (7“) pTiwt
[N.G. Vakhitov, A.A. Kolokolov, 1973] \
A M Bose star profile
N
~ M
i <o My = 1020e 5 120
~ - gam
M
2 R, ~ 0.1894 Pl 70 km
~ mfa
W N J
0 — v 9
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Bose stars

Minimal value for axion-photon coupling

Amplification coefficient for Bose stars. :
constant required for resonance.
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Additional axions captured by Bose star will be converted into photons.

Contribution to the radio background !

For minimal axion models Ya~yfa ~ @ =1/137 |:> Relevant for photofilic axion
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Bose star collapse

What happens with overcritical Bose star? |:> It is collapse!
[D. Levkov et al, 2016]

109 q 7 Ap v 1y
tj=—33-107% «----- W0y = _7+ - g‘w (%
—1.9-107" — - =
\ —8.2- 1071 = ==
— \\ The scaling symmetry appears:
1019 - ~ ~ .
N 2o E=9, &= yT, &= e/

[ N\ ) (— 7y ;
2 2 ~
\ ~—~—
Critical star y
14
x«(0) =
. Finite energy [ Y (400) = xo - y 2
10°6 1073 1 y
r Solution: w, ~ 0.54, yg ~ 2.84



Resonance during Bose star collapse

Numerical solution on collapsing Bose star background:

Re(p) =0 Im(u) # 0 - due to nonzero axion velocities.

0.3
~ 0.004 |
~ 0.25 ¢ E
?\
L =
= 02 2 0.002 |
0.15 |
| | 0
100 <107 -10® -107 -10
t

1< Resonance does not interrupted New axions .fal.l on the center
due to self-similar collapse.

Fast radio burst! [LL Tkachev, 2014]
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Resonance during Bose star collapse

To check the results we solve numerically relativistic
equations in spherically-symmetric case.

, 100000
0,0,a+V'(a)=0
~ 10000 ¢
a/,LFILLV _l_ gavauaFMV — O
1000 |
Alt,z) = an(t,7)Y\ + hc. 100 |
g 10 |
Weak dependence on x, t is not assumed ! -
1 ! !
0 2.10" 410"
mi
Garyfa = 0.16
—— oJ

o |A;(r = 0)| normalized
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Collision with black hole

Bose star
[M. Pshirkov, 2017]

Black hole
----------- o
Mpp ~ Mg . .
Destruction by tidal force!
Ry, ~ 2 km Mys ~ 1071 M,

ﬂ Ry, ~ 50 km

Amplification coefficient increases.

D ~10%g4, fa and min(gg~ fo) ~ 1072

Fast radio burst!
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Summary

Bose star

Bose star collapse,
Bose stars collision

Bose star collisions with
compact astrophysical
objects (black holes,
neutron stars, etc.)

Contribution to the
radio background

Fast radio burst

Fast radio burst
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Thank you for attention!

16



	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 5
	Страница 6
	Страница 7
	Страница 8
	Страница 9
	Страница 10
	Страница 11
	Страница 12
	Страница 13
	Страница 14
	Страница 15
	Страница 16

